Abstract: It was shown that compensatory base changes (CBCs) in internal transcribed spacer 2 (ITS2) sequence-structure alignments can be used for distinguishing species. Using the ITS2 Database in combination with 4SALE -a tool for synchronous RNA sequence and secondary structure alignment and editing -in this study we present an in-depth CBC analysis for placozoan ITS2 sequences and their respective secondary structures. This analysis indicates at least two distinct species in Trichoplax (Placozoa) supporting a recently suggested hypothesis, that Placozoa is "no longer a phylum of one".
Introduction
Trichoplax adhaerens Schulze 1883, a marine amoebalike organism with a size of 2-3 mm has often been described as the simplest known animal (Miller & Ball 2005) . Trichoplax is classified in its own phylum, Placozoa (Grell 1971) . However, the phylogenetic placement of Placozoa is under debate (Ender & Schierwater 2003; and references therein) . The most recent publications place them either as the most basal metazoan taxon or as the sister taxon to the Bilateria (Gerlach et al. 2007) .
Originally classified as a single species, new sequencing efforts, including the internal transcribed spacer 2 (ITS2), suggest that Placozoa consist of more than one species (Voigt et al. 2004 ). This hypothesis is supported and extended by research on Carribean and Pacific placozoans (Signorovitch et al. 2006; Pearse & Voigt 2007) .
In this study, we want to test this result by a new method, a CBC (compensatory base change) analysis. It was suggested by Coleman & Vacquier (2002) , that if there is a CBC within ITS2 secondary structures between two ITS2 sequences, the corresponding organisms do not mate, and therefore according to the biospecies concept (Mayr 1942) belong to distinct species. In a large scale analysis, using the ITS2 database (Schultz et al. 2005; Wolf et al. 2005a; Schultz et al. 2006) , we showed that this correlation holds true for 93.11% of all ITS2 sequences deposited in the ITS2 Database (Muller et al. 2007 ). This result was mainly based on data for plants and fungi, but a similar trend was seen for animals (Muller et al. 2007 ), i.e., for animals large data support is missing, however case studies have been performed (Coleman & Vacquier 2002; Young & Coleman 2004) . The advantage of a CBC analysis is that a distinct criterion with a known error rate (6.89%) can be used to identify different species. This distinguishes the method from those based on phylogenetic trees, which arbitrarily set a distance cut-off to distinguish different clades. The question with regard to Trichoplax is whether a CBC analysis can divide the available placozoan ITS2 secondary structures into two ore more distinct groups. Successful mating in Trichoplax has never been achieved under laboratory conditions; however there are molecular signatures of sexual reproduction in placozoans (Signorovitch et al. 2005) . Nevertheless, the quality of the CBC criterion was estimated independently of reproduction and mating affinities (Muller et al. 2007 ).
Material and methods
Sequences (NCBI accession numbers AY652530 to AY652576 and U65478) and their inferred secondary structures were retrieved from the ITS2 Database (Schultz et al. 2005 Wolf et al. 2005a ). 4SALE ) was used for synchronous sequence and secondary structure alignment and editing, the CBCAnalyzer (Wolf et al. 2005b ) for generating a CBC matrix, GNU R (Team 2006) for the CBC matrix visualization (Fig. 1A ,B), SplitsTree4 (Huson 1998) for plotting a CBC NeighbourNet analysis ( Fig. 2) and TreeIllustrator (Trooskens et al. 2005) for drawing a UPGMA tree 642 M. Wolf et al. (Sneath & Sokal 1973) based on CBCs (Fig. 3) , respectively for drawing a maximum likelihood (ML) tree (Felsenstein 1981 ) based on the complete alignment (Fig. 4) . The alignment is available on request. Exemplarily one placozoan ITS2 secondary structure was plotted with PseudoViewerIII (Byun & Han 2006) (Fig. 5 ). ML and parsimony analyses (Camin & Sokal 1965) of aligned sequences were conducted using PAUP* version 4.0b10 win32 (Swofford 2002) . For both analyses heuristic searches with 10 random taxon addition replicates and tree bisection-reconnection (TBR) swapping were applied. For the parsimony analysis, bootstrap support (Felsenstein 1985) was estimated based on 100 pseudo-replicates. For the ML analysis, which is dependent on a particular specified model of nucleotide substitution, the program Modeltest (Posada & Crandall 1998 ) was used to survey 56 possible models of DNA evolution to identify the model that best fits the rDNA dataset. Likelihood settings from the best-fit model were determined using the AIC criterion (Akaike Information Criterion). For the ITS2 phylogeny as shown here, the HKY+G model was chosen with Lset Base = (0.3208 0.1404 0.1863), Nst = 2, TRatio = 1.5856, Rates = gamma, Shape = 0.5092, and Pinvar = 0.
Results and discussion
A prerequisite for any CBC analysis is the inference of the correct structure of the ITS2. Combining manual adjusted energy minimisation and homology based modelling the structures of all 48 known placozoan ITS2 were inferred. As exemplary shown in Figure 5 , all structures preserve the familiar four helix domain, including the universally conserved UGGU motif 5' to the apex of helix III. Based on these structures, a number of CBCs were found between pairs of sequences, 0.1 Fig. 2 . CBC NeighborNet analysis obtained by SplitsTree4. indicating the existence of multiple species. To identify groups with no CBC within the group but between, the sequences were clustered based on the pairwise CBC matrix. Figure 1A is a hierarchically clustered representation of the CBC matrix, Figure 1B a hierarchically clustered matrix that indicates whether two sequences have a CBC or not (CBC = 0 or >0). The latter one is now showing five distinct maximal groups (CBCs = 0), probably representing five different species. However, there are only two groups where each sequence of group I shows at least one CBC to all sequences of group II, and vice versa. These perfect CBC groups represent at least two distinguishable species according to the CBC criterion. Both matrices are usable for distance tree estimations. To compare our results to the original results of Voigt et al. (2004) a UPGMA tree representation of the CBC matrix is given in Figure 3 , a NeighborNet representation in Figure 2. The CBC tree (Fig. 3) as well as our ML tree (Fig. 4) which is based on a sequence-structure alignment of the complete sequences clustered groupings as previously defined (Voigt et al. 2004 ): H1, H2 and H3 (red), H4/H5/H6 (green), and H7/H8 (blue). H6 is part of the "green" clade in the CBC tree, not constituting a separate subgroup; in the ML tree, the "green" group is split up (paraphyletic), whereas H4 is close to H5, H6 to H7/H8. However, the latter cluster is the only one not supported by bootstrap analysis (Fig. 4) . Moreover, there is no strict correlation between reconstructed trees and biogeography. Samples from Panama (Caribbean) can be found in all three groups. H5 (Italy) and H6 (Panama Pacific) are distinct in the ML tree and strictly separated through biogeography. Still, the notion that different placozoan species are cosmopolites is supported. Summarizing, the CBC based analysis gives further, independent evidence for the existence of multiple placozoan species. It has to be taken into account that this method has been evaluated on large scale mainly for plants and fungi. However, the few data known for animals are consistent with the hypothesis that species can be distinguished by a CBC analysis, and therefore this method is likely to be extendable. Together with the phylogenetic analysis of Voigt et al. (2004) , Placozoa is indeed "no longer a phylum of one", but of "at least two", quite probably three or even more different species. C  A T G C  C  G A G T  T  T  C  T  A  C  T  C  G  T  A  T  C  G  T  C  T  G  T  C  T  A  T  A  G  T  T  G  A  G  A   G  C  A  A  A  T  G  A  G  T  A  T  G  A  A  T  G  T  A  G   A   G  G  A  A  A  T  G  A   T  G  G  T  A  G  T  T  T A  T  T  G   A  A  A  T  T  A  G   T  C  A  A 
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